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^. . Abstract 

o, 

00 i We derive the non-linear action of E 8 /g\ on the constrained chiral superfield in 

the light-cone superspace with eight complex Grassmann variables. We con- 
struct (to lowest order in the coupling) the sixteen dynamical supersymmetries 

S^ . which generate a Hamiltonian with i^fs) invariance in three space-time dimen- 

J~j , sions, and show that it has only interactions with even powers of the coupling 

constant. 
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1 Introduction 

The degrees of freedom of maximally supersymmetric theories in various dimen- 
sions are represented in light-cone superspace by a constrained chiral superfield, 
whose components represent the 256 fields of several theories: Af = 1 supergrav- 
ity in eleven dimensions jT] , J\f = 8 supergravity in four dimensions [H [31 H] , and 
TV = 16 supergravity in three dimensions [51(5]. In a previous paper, we have 
shown how the Cremmer- Julia [3] non-linearly realized £7(7) symmetry acts on 
this superfield [7'\, and how it can be used to construct its interactions. 

In this paper, we construct the non-linear £^(8) transformations on the same 
superfield. Dynamics is introduced by constructing 16 dynamical supersymme- 
tries in three dimensions. In particular, 50(16) (c £8(8)) invariance requires 
the dynamical supersymmetries to be limited to terms odd in the superfield: 
the d — 3 i?8(8) -invariant theory has no vertices of odd order (cubic, quintic, 
etc.). This is understandable since the superfield contains the two SO(16) spinor 
representations, and spinor representations have no odd invariants. Thus this 
theory is different from that obtained by dimensional reduction, which is not 
£s(s) invariant. 

2 Chiral Superspace 

Consider the N = 8 superspace spanned by eight Grassmann variables, 9 m and 
their complex conjugates 6 m (m = 1, ..., 8). Introduce the chiral derivatives 



' -0+, d m = i + 4?^ + - I 2 ' 1 ) 



oe m V2 ' de m ' ^2 

written in terms of the light-cone derivative, d + , where 

d ± = ^=(-d ±d d - 1 ) , (2.2) 

are conjugate to i* = -4= ( a; ± a;''" 1 ), with the metric (—,+,••• , +) in the 
space with (d — 2) transverse coordinates x^ (j — 1,- ■ • ,d — 2). The chiral 
derivatives satisfy the canonical anticommutation relations 

{d m ,d n } = -iV25 m n d+ . (2.3) 

They are used to construct a constrained chiral superfield tp and its complex 
conjugate Tp, related by the inside-out constraint 



<P = ^dV^-d 8 ?, (2-4) 



as well as the chiral constraints 

<T<p = 0, d m <p = 0. 
The chiral superheld can then be expanded in powers of 9 r 



i 

+ i~B mn d + B mn (y) +0 m d + ip m (y) +49d + *h(y), (2.5) 



<P(V) = —h(y) + i6 m ^iP m (y)+ t 9" m — B mn (y) 

- 8 mnp i X mnp (V) - mnpq D mnpq (y) + i9 mnp x mn ? (y) 



where 
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The expansion coefficients are functions of the chiral coordinates 

y = {x{, x + : y- = x~ - -jK &m °~m ) , 

and can be viewed as the 256 physical fields of theories in various dimensions. In 
four dimensions (two transverse coordinates), they describe the physical degrees 
of freedom of J\f = 8 Supergravity: 128 bosons, the spin-2 graviton h and h, 
twenty eight vector fields B mn and B mn and seventy real scalars D mnpq \ 128 
fermions: eight spin-| gravitinos ip m and ip m , fifty six gauginos Xmnp an d their 
conjugates x mnp - In eleven dimensions, they encode the three fields of TV = 1 
Supergravity [5]. In three dimensions, it can be used to describe at least two 
different TV = 16 Supergravity theories with 128 scalars and 128 fermions, but 
they differ in their global non-linear symmetries, as we show in this paper. 



3 Symmetries of N = 8 Superspace 

In N — 8 Superspace, we can also introduce the operators 
which satisfy the anticommutation relations 



{q m ,q n } = lV2S m n d+ . (3.2) 

Their linear action on the chiral superficial 

***>(!/) = *mq m <p{v), 5f n v(y) = e m q mV (y), (3.3) 

where e m and e m are Grassmann parameters, do not alter chirality, since 

{q m ,d n } = {q m ,d n } = 0. (3.4) 

These transformations are interpreted as the kincmatical light-cone supersym- 
mctrics. 

On the other hand, their quadratic action on the chiral supcrficlds gener- 
ates the 120 5*0(16) transformations. The eight Grassmann variables and their 
conjugates form its vectorial 16 representation under 

50(16) D SU(8) x U{1) , 16 = 8 + 8 . 
The SU(8) and U(l) generators are given by 



T ~> = 57SF ( q% - 5 *> «**) • T " Z&F lq " ' *' ' (3 ' 5) 

with commutation relations 

[T l j,T k i] = 6 k j T l i-6 i iT k J , [T.T'j] = 0. 

The remaining quadratic combinations describe the coset transformations SO(16)/(SU(8) x 
tf(l)) 

r ' = \h qiq ^ Tij = 2^*' (3 ' 6) 

which form the 28 and 28 of SU(8), and close on (SU(8) x [/(!)) 



[T«, T kl ] = V k T\ - b\Th - 8hT\ + F& \ + 2{5 j k 5\ - Pitf^T 
50(16) acts linearly on the chiral supcrficld 

s su s <P = whT'jif, S u{1) (p = Tip, 



6 2 8<P = aiij—ip, S^gip = a l3 -^-ip, (3.7) 

where to 3 i, ohj, and a 13 the transformation parameters. 50(16) is the largest 
linearly realized symmetry group in N = 8 Superspace. 

3.1 E 8{8 ) Symmetry 

In this section, we show how 5*0(16) can be extended to E 8 r s \, the largest non- 
compact group that contains SO(16) as its maximal compact subgroup. In a 
previous paper [7], we had extended the SU(8) symmetry of N = 8 light-cone 
Superspace to the non-compact £7(7) with SU(8) as its maximal compact sub- 
group. While SU(8) is linearly realized, the seventy coset E 7 r 7 \/SU(8) transfor- 
mations act non-linearly on the chiral superfield in any dimensions. However in 
four dimensions, £7(7) commutes with the light-cone Hamiltonian, reproducing 
the well-known Cremmer- Julia dynamical symmetry [3j H] of Af = 8 Supergrav- 
ity. 

We showed [7] that the non- linear E-j^/ SU(8) coset transformations in 
N — 8 Superspace of the chiral superfield could be elegantly expressed as 



^70 If = 4c 1 ' ^ + 4oV + °( k3 ) 

_ nklmn ~o 

" Pklmn 



\ ^ '// mnvQ 



4 • 4' 

\ 1/ mnpq rj—O 

+ 0(k 3 ), (3.8) 

order by order in the dimensionful parameter k, and where [3 l 3 kl are the seventy 
coset £7(7) /ST/ (8) parameters which satisfy the self-duality condition 

oijkl _ ijklmnpq ~J5 

P A\ Pmnpq 7 

d m = d m /d + , and n m are Grassmann variables with 

d \ d d d d 



dV/rnnpq " d V™ d V™ 9 if 8 if 

These transformations preserve chirality, the inhomogeneous b\ Q if because of 
its global character, that is <9 + /3,y fe ; = 0, while S 7C [ ip is manisfestly chiral 
because of its coherent state-like construction. 
Consider the embedding 



E$ D 50(16) , 248 = 120 + 128 , (3.9) 

where the 5*0(16) irreducible representations are decomposed in terms of SU(8) x 
U(l) as 

120 = 63 + 28_ x + 28\ + 1 

128 = 1 2 + 28i + 70 + 28'_! + l'_ 2 , (3.10) 

where the subscript indicates their U(l) values. We recognize the 70 as the 
representation in E 7 ^)/SU(8); the rest of the cosct E 8 ^/SO(16) transforma- 
tions form two U(l) singlets, a twenty-eight dimensional representation and its 
complex conjugate (not to be confused with the 1, 28, and 28 in the adjoint 
representation of 50(16)). Closure of the algebra 

[SO(16),E m /SO(16)] C E m /SO(16) , 

enables us to determine the Egtg\/SO(16) action on the chiral superfield. The 
construction of the 128 inhomogeneous transformations begins with the com- 
mutator 

4i' V = i S 28,S[V 1 '}ip = 5 2 a 4~ f ~ S v ^28 f ■ 

Since the variations act only on the superfield, and 6j_, f is a constant which 
is not to be varied, this requirement amounts to expressing S 2S , ip in terms of 

5\, 'if 

4 8 ' 1} V = - an ^r 4^ V = 2 ay P B 1 8+ S { v 1] f , (3.11) 

using 

q m f(y) = iV29 m d + f(y). (3.12) 

Proceeding in a similar fashion, the remaining Eg^/ SO (16) inhomogeneous 
transformations are found to be 



S T0 <P = 


■ [hs, 


x(-l) 

°28' 


]f , 


, e ijkl d +2 8 { - 1] if , 


xi- 1 ) 


[#28 


x(-l) 
) °70 


}f r 


~ l: > klmn d +3 5 { v 1} f , 



S^ If = [ S 28 , S^} } } If ~ eaklranpq g+4 ^(-1) ^ 



It is convenient to express the inhomogeneous transformations for the 128 pa- 
rameters 0, j3 tj , fiijki, Pijkimn, and ^ijklmnpq, on the superheld ip = -^cp, 
starting with 



6 { v x) m = ^rJ { v 1] h{v) = \^{y) 



together with 



4' } # = * ~ emmn l&Pw™, 4 7l) $ = 4 - eijklmnm Piiklm npq ■ 

In this way we need only consider the operation of ■g^ on a constant function of 
the chiral coordinates; it is defined in terms of integrals over the chiral coordinate 



— c(y) = (-)« V — c n + (-)(»-!) |— ^ c^ + • • • y - Cl + co , 

where c„ are the integration constants. 

On the component fields these correspond to constant shifts on the boson 
fields only 



s&BiM = ^, 4^0/) = — , 

« 28 K 

r (-l)-f=r , n Pijfc! 

^ro' D Hki{y) = 



K 



where 



a _ ijklmnpq n /ol flij -. ijklmnpq a l n\ 

M c M ijklmnpq I u ' M c ijklmnpq/ u ' 



ijklmnpq/ ' ) M fc Pklmnpql 

Having determined the inhomogeneous transformations, we use a similar method 
to find the order-K coset transformations, starting from the commutator 

^28'^ = [^28, ^70]^ = &1%&70<P - 8 70 5 2 8V ■ 

The symmetry under the interchange of 77 and — 77 in the coherent state-like 
form of 6fQ l<p, eq. ()3.8j) then leads to 



^2s4oV 



and 



2ay-/3 



dl l) mnpq d+ 2 \ 



■q=0 



4o<W = -^ctijOW 



Using 



one rewrites d^^d^f as 



^mnpg fd\ J_ (r,-d q+A ^ g-^-^+3^ \ 

V // mnva 



?j=0 



r;-d ai ■ 






2 oij £ /3 m " M — J ^ ( [»?V + ^^a+ 2 ] e"- J 5+ V e-"- J a+ V 



9 r? / <9+ 2 

' / mnpq 



ri=0 



which yields 



4' V = ~ 2a^/?" (£-) VW ^(e'-He-'-n 

V / / mnpq 

and can be rewritten as 



n=o 



®* - -0 1 (ji\* 



e v - S d +2 tpe- 



Vdg+2 



Y 



n=0 



where we have reset the parameters to 



(3.13) 



P> 



1 



aijmn 



The remaining order-K coset transformations follow: 



xW 

^28' <P 



xW 

°1> <P 



jcC 1 ) 
61/ if 



l°28 i °70 



* / / iimnvn 



r)=0 



l^28> 4s'] V 



K/3 



ij klmnpq 



dr] 



ij klmnpq 



l 
a+4 



— [ e^d+Ve - "'^" 1 " 5 ^ 



r;=0 



[*28.^]v = 4 K/ 3a+^a+^. 



All these E 8 ^/SO(16) coset transformations can be written in the compact 
form 



I . . . * ( I 



*WSO(i6)<P = ~F + ^ ll2 - ts E -^^^...^^a+^F (3.14) 



c— — 2 v 



6»=0 



X 

I \ r) n I 



+ 0{k 2 ) 



where the sum is over the U(l) charges c = 2,1, 0, — 1, —2 of the bosonic fields, 
and 



2 0(y) +i mn — (3 mn (y) - 0™ (3 mnpq (y) 



+ td mn d + p mn (y)+4ed +2 (3(y), 



and 



di 1 i 2 ---i 2 ( c +2) — ley _|_ t\\ "ii "«2 ' ' ' "2(c+2) • 

This construction can in principle be continued to order k 3 , but its ex- 
pression would not yield any further insight. It is to be emphasized that this 
symmetry is independent of dynamics. However supersymmctric dynamics in 
various dimensions may or may not respect it. In d = 3, as we show in the next 
section, it is left intact, but it is progressively nibbled at in higher dimensions, 
until nothing is left of it in d = 11. 

4 i? 8 ( 8 )-Invariant Dynamics 

In supersymmctric theories, the Hamiltonian is determined from the dynam- 
ical supersymmetries. Thus its invariance under any symmetry requires the 
dynamical supersymmetries to have well-defined transformation properties. 

Invariance of the Hamiltonian under E s / S \ requires the dynamical supersym- 
metries to transform linearly under SO (16). It is easy to see that this restricts 
the dynamics to take place in three space-time dimensions. In four dimensions, 
the lowest order dynamical supersymmetries, with parameters e m and e m , 



S* yn ^P = e m ^r q m V + 0(k) , S d s yn cp = e m A q m if + O(k) , (4.1) 



transform under SU(8) as 8 and 8, respectively; they lead to £7(7) -invariant 
dynamics. It is easy to see that they do not transform into one another under 
SO(16)/SU(8) unless the transverse derivatives satisfy d — d. This is automatic 
in d — 3 where there is only one transverse space dimension; only then the 
dynamical supersymmetries transform as the vectorial 16 of SO (16), and we 
are dealing with a theory with Af = 16 supersymmetries. 

In order to construct the dynamical supersymmetries to higher orders in k, 
we note that although there is no helicity in three dimensions, 5*0(16) requires 
covariance for its U(l) subgroup. Its action on the superfield, eq. (|3.5[) . 

8u(i)<P = Ti P = ( 2 - -0 m <Zm J ¥> , 

is rewritten here in terms of linear operators, assigning the charge +2 to ip. 
Each component of the superfield has a definite £7(1) value: h has value +2 

5 u(l) h = 2h , (4.2) 

and the U(l) charges of the remaining bosons are By(l), Dyfcz(O), B l ^{— 1), 
h(-2), and for the fermions ^(3/2), x ijk (l/2), X^M/ 2 ), and ^(-3/2). It 
follows that the dynamical supersymmetry transformation has a definite charge, 
that is 

[5 U{ x)X yn W = "^f V >. (4-3) 

Any term in 5f yn ip which is of higher order in the supcrficlds must have the 
same charge as the linear term. 

This is not possible for the quadratic term: using the inside-out constraint, 
the charge of <p is opposite that of ip, so either we have (pip with twice the charge, 
or ipTp with no charge; either way neither has the same charge as that of the 
term linear in ip. We conclude that the dynamical supersymmetries contain no 
terms linear in k: the Hamiltonian has no cubic interaction. 

The same is not true for the order k 2 term cubic in the superfield; there we 
can have terms structurally of the form 

e m q m ip(p(Pp - e m q rn (p(pTp , (4.4) 

by which we mean three chiral superfields with eight powers of d sprinkled 
among them. The quartic interaction in the Hamiltonian, constructed from the 
free and order k 2 dynamical supersymmetries with the same charge, can now 
be U(l) invariant. 



The two supersymmetries are obtained from one another by 

[S 2S ,St yn ]f = ^, (4-5) 

which must be true to all orders in k. As we did in [7|, the dynamical super- 
symmetry transformations are restricted by requiring that they commute with 
the non-linear part of the symmetry, that is 

Expanding this equation in the coupling shows that 5f yn tp contains only terms 
with oven powers of K, since U(l) invariance forbids terms quadratic in the 
superfield. To first order in k, we find that 

which is used to restrict the form of 8 s yn 'tp. Coupled with the U(l) charge 
restriction (<5 S tp built out of three chiral superfields with eight d m 's), this 

equation is sufficient to determine its form. 

To see this, choose a particular Eg/g\/SO(16) transformation, say 1', which 
yields 

S ( r 1 ^8dyn(2) lp = pJL( e qdtpd +2 (p - dd+tpeqd+tp) , 

since SL tp is a constant, and therefore 8 s yn <5j7 <p vanishes. It constrains 
only the terms in <5 S 'tp which are affected by <5j7 , which we denote by 

By introducing the operators 

E = e a§ + be « + r > i and^T 1 = e -^-beq- n d ^ 
we can rewrite this constraint in compact form 



t — — 
2lhidb 

Consider the chiral combination 



t-VS*u»<» v = J^^ Ed +\ E-'d + \) . (4.6) 



S dyn(2)\l'] .. _ K 9 8 I 



<P 



2 dadbd+ 2 



Ed +3 cp E~ l Z 



a— 6—77— 



(4.7) 



where 



10 



Ajklmnpq / n 



ijklmnpq 



^ (>VV e-«% + V 



r(-l) 



By taking Oj, on this chiral combination ()4.12|) . one gets 



S (-V S dyn(2)lV] = K 2P 

1' s " o 



p d d 1 



2 9a 96 9+ 2 



Ba +8 4~ ^ S_1 ^ + Ed+Z( P E^df^Z 



ijfC-i) - 



2 aa a& a+ J v ' a=b=ri=o 

where the first term _Ed +3 Jj, '<£> vanishes since <9 +3 <5j, '<p — ^9 8 d + J3 = 0, 
and the second term becomes 

1 ft 

Thus, this chiral combination is the solution that satisfies the constraint (|4.6[) . 
The dynamical supersymmetry transformations for the rest of the coset 
Egfg\/SO{16), 28 , 70, 28' and 1', can be obtained in a similar fashion. For 
the 28 transformations, commutativity yields the constraint 



a— b—r^— 

(4.8) 



£,"*•»* -=*<(£) J-l b ^ {E a« V E-a« v) 



a— b— ?7— 



and with the solution 



where Z % i is defined as 



2 V^/y dadbd+ 3 



Ed +4 <p E~ x Z ij 



a— &— 77— 



, (4.9) 



Z lJ = 



Ajklmnpq / £| 



a 



1 

Q+2 



2-6. \vc;J klmnpq 
The constraint for the 70 transformations is 



(e^a+V e _ ^5 + V) 



C=o 



9 



9 d 1 



4 1} ^ (2) *> = ^ £ —^ (^ + V ^ ^ + V 



*»/«w dadbd+ 3 



a— 6— 77— 



which is the same as for TV = 8 Supergravity, and the solution is therefore of 
the same form 



11 



gdyn (2) [70] = 



k 2 f d \ d d 1 



2 \dr,J iiia dadbd+* 



5,^ rp — lryljkl 



Ed +b <p E-'Z lJ 



a— 6— ?7— 



, (4.10) 



where 



7*7 fct . 



Ajklmnpq / ^ 



2-4! V^C 



« d d+V e"«' J 5+ 4 



v 



e=o 



rnnpq 

Repeating the same procedure, one obtains the constraints from the 28' trans- 
formations 



S^Ps^^ip = -pi klmn f 



dr] 



ijklmn 



d d 1 
~£kidbd+4 



(Ed^ipE^d^ip) 



a— 6— r/— 



with the solution 



S dyn (2) [28'] v = ^_ f jL 



2 \dr] 



d d 1 



ijklmn 



da db 9 4 



#<9+V E~ X Z^ 



1 ryijklr, 



a—b—ri—0 

(4.11) 



where 



^*j* 



Ajklmnpq / a 



2-2! V<9£ 



9+ 2 (e«%+V e-«% + V) 



?=o 



Finally, the 1' transformations yield 



c(-l) rdj/n (2) _ ^oijklmnrs I _\ 



ijklmnrs 



iliw^ Ed ^ E - ld ^ 



a— 6— r/— 



together with the solution 



«(2)[i'] = ^L f _ 
2 \ (9n / 

\ // ijklmnpq 



d d 1 

Ikidbd+s 



Ed +7 ip E^ 1 Z ijkLmnpa 



a—b—n—0 

(4.12) 



where 



gijklmnpq _ ^^ijklmnpq q+A ( e ^Q+2 e ~£dQ+2 \ 



C=0 



Combining all together, one writes a compact form for the constraints as a 
sum over the five U(l) values of the coset transformations 



12 



,?(-!) !dyn(2) 

°E HS) /SO(16)°s V 



c=-2 

Their solutions are given by 



di] 



(4.13) 



a a 



*l'" I 2(2 + c) 



da db 9+( 3 + 



L_^ a +(4+c)^ jB -l a +(4+c)^ 



a— 6—77— 



8f) n{ V <p 




Ill2-"«2(c+2) 



Bg+^^r 1 



a— b— rj— 



(4 -2 c)! 






d 



+2c 



(^+( 4 - c V^" 1 5 +(4 - c V) 



,(4.14) 



?7=0; 



where the sum is, as before, over the U(l) charges. One term in (4.14), the one 
from the variation generated by the 70, eq.(4.10), is in fact the expression we 
get at this order by dimensionally reducing the d = 4 theory 

The absence of a term of order-K 2n+1 in the dynamical supersymmetry trans- 
formations means that the Hamiltonian itself has no order-K 2n+1 interactions. 
This is not a surprise since the chiral superfield contains the two spinor represen- 
tations of 50(16), 128 and 128', and spinor representations have no odd-order 
invariants. This shows that the E s /g\ -invariant theory is distinct from the other 
TV = 16 supergravity theory that is obtained by dimensional reduction from 
J\f = 8 Supergravity [7] in four dimensions. 

The dynamical supercharge is the basic construct. The Hamiltonian is eas- 
ily obtained by either using the anticommutator between the dynamical super- 
charge and its complex conjugate, or from the using the quadratic form as in 
[7] . We do not do it here even though it is straightforward since it does not add 
to our knowledge about this theory. 

5 Conclusions and Outlook 

In this paper we have shown how to construct the E s r s \ symmetry on the 
maximally supersymmetric light-cone superfield with 256 degrees of freedom. 
The complete symmetry spanned by this superfield is a semi-direct product of 
the superPoincare symmetry and the E s / S \ symmetry. This sounds somewhat 
strange since there is no such supersymmetry in classifications of superalge- 
bras. The key point here is that when the -E 8 ( 8 ) symmetry is decomposed into 
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50(16) x Es(8)/SO(16), the superalgebra transforms under the S0(16) but not 
under the coset. This is possible only because the coset is non-linearly realized. 
This gives us then a powerful method to construct the dynamics where the coset 
transformations can be used order by order to find the dynamics. 

It is clear from the construction that this is not a priori a dimensionally 
reduced theory from the d — 4 one. If the dynamical supersymmetry derived in 
(|4.14[) is "oxidized" to d — 4 it will not transform correctly under the helicity 
generator. It is usually argued that when the maximal supergravity is dimen- 
sionally reduced to d = 3 one has to use duality transformations and Weyl 
scalings to get all the bosonic fields to be scalars, and it is only then that one 
can find the E s t s -\ symmetry. In the light-cone formulation where only physical 
degrees of freedom are present, the duality of a vector with a scalar in d = 3 is 
trivial in the sense that it reduces to an identity. The one dynamical compo- 
nent of a vector field does indeed transform as a scalar. We have been unable to 
find a field redefinition, which is the only freedom we can try here, to connect 
the seemingly different two d — 3 theories: the one with the full £^(8) symme- 
try constructed here and the other with £7(7) obtained by a naive dimensional 
reduction. 

The complete one-loop contribution to the four-graviton scattering matrix 
element in any dimension was constructed in 9 using the zero-slope limit and 
dimensional reduction of Type II superstrings. It was found to be a box diagram 
with the proper kincmatical factors. Naively such result can only be derived 
from an underlying field theory with a three-point coupling. This can be seen by 
looking at the cuts of the amplitude. However there is no three-point coupling 
in the theory with an E s t s \ symmetry as we have discussed above and thus 
we conclude that the d = 3 theory that we have derived above would give a 
different one-loop contribution to the four-graviton scattering matrix element. 
We note, however, that in d = 3 the infrared singularities are worse than in 
higher dimensions and the loop amplitude has to be very carefully constructed. 
That might resolve the problem of relating the two theories but we have again 
been unable to do so. The d — 3 theory that we have constructed is unique and 
must be the one constructed by Marcus and Schwarz [5] and by de Wit, Nicolai 
andTollsten [10] . 

There are now two ways to continue this analysis. We could try to go down 
in dimensions and in that process try to find the infinite algebras Eg, E w and 
possibly En. These algebras have been quite popular recently with claims that 
they play a role also for the higher-dimensional theories. For a review, see 
|llj and references contained therein. The other road is to go up in dimensions 
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and check how much is left of the exceptional symmetries in various dimensions. 
Our analysis suggests that the exceptional symmetries could be broken in higher 
dimensions in a controlled way such that they still play a role for the dynamics. 
We believe that our formalism is quite suitable for the study of both these lines. 
We finally like to point out that our formalism using coherent-state tech- 
niques is extremely efficient. The expression in (14. 14|) will contain hundreds of 
terms of different combinations of the superfield. With the new technique they 
can be treated all in one go. This gives us hope that we should be able to 
find expressions to all orders in the coupling constants just as in a non-linear 
er-modcl. After all the d — 3 theory is a supersymmetric version of a non-linear 
er-model. We also hope to be able to come back this issue in future publications. 
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